AP® PHYSICS B
2013 SCORING GUIDELINES

Question 4

10 points total

(a)

3 points

For using a correct expression for the vertical motion to determine time ¢

_ 1 2
Ay = inf + Eat

2(Ay
vy, = 0,s0¢t= P
For substituting the correct height and acceleration into the vertical equation
2)(2.4
(2)24m) o0

B (9.8 m/s2)

For substituting the correct values into the constant horizontal velocity equation

Ax
v, = —
x t
_(18m) _
v, (0.705) 2.6 m/s
2 points

For using a correct expression to determine the acceleration of the block

v} = 0§ + 2ad

X
2

- U

Y

For correct substitutions consistent with part (a)
_ (2.6 m/ 5)2 _ 2

a= (2)(0.95 rn) =35 m/s
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AP® PHYSICS B
2013 SCORING GUIDELINES

Question 4 (continued)
Distribution
of points
(c) 3 points

For using Newton's second law

> F =ma

Moy 8 = (mobj + M+ mball)a

For a correct value for the total force on the system 1 point
Moyg = (25kg)(9.8 m/s?) =25 N

For correct values in the expression for the total mass being accelerated 1 point
(mp; + M + mygy)a = (2.5 kg + 03 kg + Mya = (2.8 kg + M)a

For the correct substitution of the acceleration of the block from 1 point
part (b)

25N = (28 kg + M)(3.5 m/s?|

M =424 kg

(d) 2 points

For stating that with the same force, the horizontal acceleration of the ball will be 1 point
less as a result of the increased mass of the system
For stating the launch velocity will be lower 1 point

Example
A larger combined mass of the system will result in a smaller acceleration, so

the ball has a smaller speed upon launch. However, the time to hit the floor will
be the same since it's falling the same vertical distance with the same vertical

acceleration in freefall. So the horizontal distance (v,aunch X t fa”) will be less.

One earned point was deducted for any incorrect statement in the reasoning not
included in the points shown.
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B4 A1

0.95m
0.30 kgk ‘

25kg

4. (10 points)

A 0.30 kg ball is in a cup of negligible mass attached to a block of mass M that is on a table. A string passing
over a light pulley connects the block to a 2.5 kg object, as shown above. The system is released from rest, the
block accelerates to the right, and after moving 0.95 m the block collides with a bumper near the end of the table.
The ball continues to move and lands on the floor at a position 2.4 m below and 1.8 m horizontally from where it
leaves the cup. Assume all friction is negligible.

(a) Calculate the speed of the ball just after the block hits the bumper and the ball leaves the cup.

(b) Calculate the magnitude of the acceleration of the block as it moves across the table.

V= VTN 2
74 244
T.477%

4:/“""‘ - ,
Z1.45) a =3 ‘*(?ﬂ/fa

Unawthorized copying of reuse of GO ON TO THE NEXT PAGE.

any pért of this page is illegal. ] D

© 2013 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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(¢) Calculate the mass M of the block.
B e
2.5(5.4)=(+d v2.5-m) 3 45)
7.0%7 = . 34+25 M
a M =1, 2.’“//(3

(d) If the mass of the ball is increased, the horizontal diétance it travels before hitting the floor will decrease.
Explain why this will happen.

T & 4o i meceese M nass o e Bl he fokal naass
ob Yhe «53‘9;’2’4«7 will Merease which woenlA detrease
Fhe accelerallon becauwse b borce aplied reoms,'~
The same, Becawse Fha acceleralion Fécreases

Hie V{,(o{,;lﬂj of/ Yhe bell v, ;;“ = by bumper wirl]
&\56 aﬁaac«&az g vo rsi&c,ré,aa:a ?'Puo(f‘s/*vm%
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4. (10 points)

A 0.30 kg ball is in a cup of negligible mass attached to a block of mass M that is on a table. A string passing
over a light pulley connects the block to a 2.5 kg object, as shown above. The system is released from rest, the
block accelerates to the right, and after moving 0.95 m the block collides with a bumper near the end of the table.
The ball continues to move and lands on the floor at a position 2.4 m below and 1.8 m horizontally from where it
leaves the cup. Assume all friction is negligible.

(a) Calculate the speed of the ball just after the block hits the bumper and the ball leaves the cup.
Vo N v ae (1) V=Vo ¥ at
S53.je =0 ¢ Q«/ev \

.

L

{t’.gqx

(b) Calculate the magnitude of the acceleration of the block as it moves across the table.

\}’: \}Q )r&«t

NGfg = Onls F a(-Sus)

= 3 E} mz}‘;w
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(c) Calculate the mass M of the block.

et T Ml

Qq«_sw; QS’)?( } M') (2.2, %a>

.M = 30 F M

|

j:‘lajv{‘z = MJ

(d) If the mass of the ball is increased, the horizontal distance it travels before hitting the floor will decrease.
Explain why this will happen.

Fha il tw?fm, Lerause v mate fasg Ha @%ﬁd’i

ngg \J{’%s}g;i?}f &gég\ g"efé.wé( w‘%fi 19& \tg‘( '}"\, ;\,,24,{,‘% 3*

S‘n{ ‘*(,é ézfltg ir\}\" }’\'\, \{ $s \I\m‘s H%(v b‘,or } 2 & }; i du\[{ G(Q\WV }Q

{g y il
§{63£ dﬁ“ 3 e I { na b %‘"‘i'é‘ el ar %&%{ ,
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2.5kg

t~——l.8 m—>

4. (10 points)
A 0.30 kg ball is in a cup of negligible mass attached to a block of mass M that is on a table. A string passing
over a light pulley connects the block to a 2.5 kg object, as shown above. The system is released from rest, the
block accelerates to the right, and after moving 0.95 m the block collides with a bumper near the end of the table.
The ball continues to move and lands on the floor at a position 2.4 m below and 1.8 m horizontally from where it

leaves the cup. Assume all friction is negligible.

(a) Calculate the speed of the ball just after the block hits the bumper and the ball leaves the cup.

"”;wm Z\} .

‘&?. % 3.4 4t =
V; - O ) .
. 2. &Z‘% =&

(b) Calculate the magnitude of the acceleration of the block as it moves across the table.

GO ON TO THE NEXT PAGE.
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(c) Calculate the mass M of the block.

e ="RE

M,i "f‘*;?;{ z {mwz’?@
- MY 3

{d) If the mass of the ball is increased, the herizental distance it travels before hitting the fleer will decrease.
Explain why this will happen.

Because the ball il hove 4o trovel the some 2?’ %ﬁé”mf';
while carrying more weiaht so i troavels o swaller

H

distance . 1§ +he speed neceased, then the bo i coeuld

j : PPN Y LC NS R L gt
be able to travel o facthel distance.

»

Unauthorized copying or reuse of GO ON TO THE NEXT PAGE.

any part of this page is illegal. 13-

© 2013 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



AP® PHYSICS B
2013 SCORING COMMENTARY

Question 4
Overview

This question assessed students’ understanding of one- and two-dimensional kinematics as well as
Newton's first and second laws.

Sample: B4-A
Score: 10

This response is an example of an outstanding solution. The equations were written out, then
substitutions inserted and the answer was easy to find. Part (a) uses both horizontal and vertical
motion to correctly determine the speed of the ball. Part (b) uses a kinematics equation to get the
acceleration. Part (c) is a well-organized use of Newton's second law on the system to determine the
unknown mass. The writing in part (d) is sequential and clear.

Sample: B4-B
Score: 6

The first point in part (a) was earned for using the correct kinematic equations. The incorrect distance
substitutions for both the vertical and horizontal equations did not earn the next possible 2 points. Full
credit was earned in part (b) for substitutions consistent with part (a) into the correct equation. Part (c) lost
1 of the 3 points for not including the mass of the hanging object (i.e., the sum of the masses) in the
calculation. One point was lost in part (d) by not discussing why the acceleration was less.

Sample: B4-C
Score: 3

Full credit was earned in part (a). Part (b) could not be solved using Newton's second law and no credit
was earned for the incorrect approach. Part (c) could be solved with the energy equation shown, but
needed the correct substitutions to earn any of the 3 points. The argument used in part (d) was in a
negative form and had no force reasoning, so no credit was earned.
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